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Abstract  49 
Objective: To compare Schlemm canal (SC) and trabecular meshwork (TM) in children with healthy eyes and 50 
those with and without glaucoma after lensectomy.  51 
Design: Cross-sectional observational study 52 
Participants: Fifty children age 4 to 16 years with healthy eyes and 48 children post lensectomy (124 healthy and 53 
72 post-lensectomy eyes) 54 
Methods/Interventions: Anterior segment optical coherence tomography (AS-OCT, Tomey Casia) of 55 
the nasal iridocorneal angle, at two levels of accommodative effort (2.5D, 15D). For each parameter 56 
and state of accommodation, a random-effects model was fitted to estimate differences between 57 
healthy eyes and eyes with history of lensectomy.  58 
Main Outcome Measures: Dimensions of SC and TM; conventional AS-OCT irido-corneal angle (ICA) 59 
measurements  60 
Results: The horizontal diameter of SC and its cross-sectional area (SC-CSA) are significantly smaller in post-61 
lensectomy than in healthy eyes. Accommodative effort increases SC size in healthy, but not in post-lensectomy 62 
eyes. 63 
Conclusions: Lensectomy is associated with a reduction in SC size and a loss of physiological SC dilatation during 64 
accommodative effort, which may reflect a reduction in outflow facility and contribute to the development of 65 
post-lensectomy glaucoma. 66 
Precis (35 words): Cataract surgery in childhood is associated with a reduction in the size of Schlemm canal, and 67 
particularly in a lack of SC dilation during accommodative effort, which may contribute to the development of 68 
post-lensectomy glaucoma. 69 
  70 
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Introduction 71 
Cataract is now the leading cause of treatable blindness in children in some developing countries, 
1
 
2
 72 
and one of the three main leading causes of treatable blindness in children worldwide. 
3
  73 
 Early surgery is required to enable visual development, but is often complicated by subsequent 74 
development of sight-threatening glaucoma.
4
 In many cases, congenital/infantile cataract is part of a 75 
wider spectrum of developmental eye defects such as microphthalmia, persistent fetal vasculature 76 
(PFV) and others,
5
 which can be independent risk factors for the development of glaucoma.
4, 6-8
 
9, 10
  77 
In some children, post-lensectomy adhesions between the peripheral iris and the posterior TM have 78 
been observed but often the majority of the angle is open.
11
 The mechanism underlying post-79 
lensectomy glaucoma is unclear; a chemical and a mechanical hypothesis have been suggested.
12
 80 
Chemical or inflammatory mediators may diffuse from the vitreous into the anterior chamber and 81 
induce trabecular meshwork (TM) inflammation and dysfunction. Alternatively, lensectomy may 82 
induce TM collapse from loss of ciliary body traction or other aqueous drainage pathway changes. To 83 
date, there is no clinical evidence to support either the chemical or the mechanical hypothesis. 84 
Furthermore, surgical insult to maturing angle structures may compound TM dysfunction.  In vitro, 85 
co-culture with lens epithelial cells induces changes in trabecular meshwork cells, which may 86 
simulate events after retention of crystalline lens material after cataract surgery 
13
; however, no 87 
equivalent changes have been reported from clinical specimens.  88 
Recent studies and meta-analyses have established that the risk of glaucoma is 17% over the first 4.3 89 
years after lensectomy, or the annual incidence 5.25 per 100 cataract operations, and that the risk is 90 
higher with surgery at 4 weeks or younger and with additional intraocular surgery, and possibly 91 
lower with primary IOL implantation, though the latter observation is controversial. 
4
 
6
 
14
 
15
 
16
 
17
 An 92 
additional proportion of children will develop secondary ocular hypertension and become “glaucoma 93 
suspects” requiring treatment..
10
  94 
We have recently shown that in children, physiological accommodative effort increases the 95 
dimensions of Schlemm canal (SC), 
18
 which may contribute to the regulation of intraocular pressure 96 
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(IOP) and in part explain why IOP is lower in children than in adults. Zonular tension changes and 97 
postoperative scarring may affect the elasticity and dynamic responses of structures in the irido-98 
corneal angle (ICA), impacting the size of SC and its dilation in response to accommodative effort. To 99 
test this new biomechanical hypothesis of post-lensectomy glaucoma, we explored ICA morphology 100 
in healthy and post-lensectomy eyes in children, using anterior segment optical coherence 101 
tomography (AS-OCT).  102 
 103 
Methods 104 
This cross-sectional study was approved by the National Research Ethics Committee London - 105 
Stanmore (16/LO/0327). The study adhered to the tenets of the Declaration of Helsinki.  106 
 107 
Participants 108 
We included children aged 4-16 years with healthy eyes (visual acuity normal for age, normal 109 
intraocular pressure) or previous lensectomy in one or both eyes. We screened the notes of all 110 
children attending our pediatric clinics in advance to identify those who met the inclusion criteria. A 111 
research fellow (MCD) approached families of eligible children consecutively, provided age-112 
appropriate written information material and addressed any questions before obtaining written 113 
consent and assent. Between May 16, 2016 and April 27, 2017 we enrolled 50 children with healthy 114 
eyes and 48 who had undergone uni- or bilateral lensectomy. For analysis, we included healthy 115 
fellow eyes in the “healthy eyes” group, resulting in 124 healthy eyes (59 right and 65 left) and 72 116 
post-lensectomy eyes (39 right and 33 left). 117 
We recorded age at study participation, gender and ethnic background. From the medical notes, we 118 
recorded age at lensectomy, presence of microphthalmia or PFV, surgical details of cataract surgery 119 
(aphakia / primary /secondary IOL implantation, no posterior capsule (PC) disruption / primary 120 
capsulorhexis / secondary surgical capsulorhexis or laser capsulotomy), a diagnosis of glaucoma and 121 
completion and type of surgical or laser glaucoma interventions, if any.  122 
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 123 
Main outcome measures 124 
The principal outcome measures were SC and TM dimensions on AS-OCT images; secondary 125 
outcomes were conventional AS-OCT ICA parameters. 
19
 We have previously described our setup to 126 
acquire high resolution AS-OCT images of the nasal ICA using a Tomey SS-1000 CASIA (Nagoya, 127 
Japan) OCT. 
18
 In brief, we used standard device settings, acquiring 64 horizontal raster B-scans and 128 
512 A-scans of a rectangular area of 8 by 4mm, centered on the nasal limbus, over 1.2 seconds. All 129 
images were obtained in a dimmed room by the same observer (MCD), following a standardized 130 
imaging protocol, specifying two levels of accommodation. We asked children to look at a target 131 
held at 40 cm from the eye to induce a low, but standardized, accommodative effort 2.5D (“relaxed 132 
accommodation”) whilst imaging the nasal ICA in slight side-gaze. We then asked them to focus on a 133 
target held at 6.5cm from the eye, inducing intense accommodative effort (15D). 134 
We carried out image analysis using defined landmarks as previously described. 
18
 The point at which 135 
optically dark ciliary muscle (CM) changed to brighter TM was defined as scleral spur; Schwalbe line 136 
was defined as the border between bright corneal endothelium and darker TM; horizontal SC 137 
diameter was measured as the anteroposterior extent of dark space external to the TM (Fig. 1). We 138 
acquired triplicate measurements of the CM width at 1, 2 and 3 mm posterior to the scleral spur 139 
(CM-1, CM-2, CM-3), horizontal and vertical SC diameter (SC-HD, SC-VD), cross-sectional SC area (SC-140 
CSA), trabecular meshwork area (TMA, defined as the area enclosed by a line connecting scleral 141 
spur, posterior endpoint of SC and Schwalbe line), and trabecular meshwork length and height 142 
[length defined as the distance from Schwalbe line to inferoposterior edge of TM (TML), and height 143 
as the distance from the posterior endpoint of SC to the TM bordering the ICA anterior to the scleral 144 
spur (TMH)].. SC is often tear-shaped, with greater height at its more posterior end (Fig. 1). Using the 145 
inbuilt caliper tool, we measured the vertical SC diameter at three different positions across its 146 
width (Fig. 1) and used the mean of these values for further analysis. In order to quantify TM density 147 
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(TMD), we exported the raw images into ImageJ (FIJI) version 2.0.0-rc-30/1.50b (http://imagej.net), 148 
outlined the TM area using the freehand tool and analyzed the mean gray value. 149 
ICA measurements were semi-automated: after marking of angle recess and the apex of the scleral 150 
spur, we noted angle opening distance at 500/750 μm from the apex of the scleral spur (AOD-500, -151 
750), trabecular iris angle at 500/750 μm (TIA-500, -750), and trabecular iris space area at 500/750 152 
μm (TISA-500, -750).
20
 All measurements were carried out in triplicate and the mean of three 153 
measurements was used for further analysis. 154 
 155 
Statistics  156 
MCD entered data onto a spreadsheet in Excel (Microsoft, Redmond, USA). We included all available 157 
unilateral and bilateral data from all participants in the analysis. 158 
 Descriptive statistics are presented as mean and standard deviation (SD) for continuous 159 
approximately normally distributed data and median and interquartile range for continuous non-160 
normally distributed data (assessed using quantile-quantile plots). Categorical data are presented as 161 
frequencies and percentages.  162 
Random effects models were used to estimate average difference with respective 95% confidence 163 
interval for each parameter (at each level of accommodation) between eyes that underwent 164 
lensectomy versus healthy eyes. This method allows taking into account correlation between 165 
measurements taken from the same participant (eyes nested within participants). A three level 166 
random effects model was also fitted with an interaction term between level of accommodation and 167 
group to explore whether differences between groups varied for different levels of accommodation. 168 
Data not approximately normally distributed were log-transformed and analysis was conducted on 169 
the transformed data. Analysis was conducted on available data only. Analysis was conducted in 170 
Stata/MP version 14 (StataCorp LP).  171 
 172 
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Results 173 
The recruitment rate was 55% of eligible and invited children. We enrolled 50 children with healthy 174 
eyes and 48 post-lensectomy. Table 1 summarizes demographic and clinical characteristics. Of the 48 175 
children who had undergone lensectomy, 24 had had a bilateral procedure (48 post-lensectomy 176 
eyes), and 24 had had a unilateral lensectomy and one unoperated fellow eye (24 post-lensectomy 177 
and 24 healthy eyes); the total number of post-lensectomy eyes in this study was 72, and the total 178 
number of healthy eyes, 124. Five eyes which had undergone lensectomy had other co-existing 179 
developmental defects: three had microphthalmia, and two persistent fetal vasculature. Of the 72 180 
post-lensectomy eyes, 31 had received a primary intraocular lens implant. Details of the primary 181 
surgical intervention were not available in many cases, and we were not able to establish the 182 
primary management of the posterior capsule. Of 72 eyes, 34 had a diagnosis of glaucoma; of these 183 
18 had undergone surgical or laser interventions to lower IOP. 184 
Recent refractive data were available for 100 healthy eyes from 59 participants, and 56 lensectomy 185 
eyes from 37 participants. On average, spherical equivalent (SE) was 2.43 diopters higher, 95% CI 186 
(0.78, 4.08) in eyes who underwent lensectomy compared to healthy eyes. 187 
 188 
Schlemm Canal: Lensectomy is associated with a reduction in Schlemm canal horizontal diameter 189 
and cross-sectional area.  190 
The horizontal diameter of SC (SC-HD) is significantly smaller in eyes which have undergone lensectomy, 191 
with and without accommodative effort (Table 2) compared to healthy eyes. The horizontal diameter 192 
increases with accommodative effort in both healthy and post-lensectomy eyes. We did not detect a 193 
significant difference in vertical diameter (SC-VD). Schlemm canal cross-sectional area (SC-CSA) is 194 
reduced in lensectomy eyes, but we observed a significant difference only during intense 195 
accommodative effort, not with relaxed accommodation (Table 2). CSA increases during accommodative 196 
effort in healthy eyes, but not in post-lensectomy eyes.  197 
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Subgroup analysis comparing healthy and post-lensectomy eyes with glaucoma shows a SC-HD mean 198 
difference between groups of -0.081, 95% CI (-0.139, -0.024) for accommodative effort, indicating 199 
that SC-HD is smaller in post-lensectomy eyes with glaucoma compared to healthy eyes (Table 2, **). 200 
The same applies to SC-CSA: geometric mean difference 0.395, 95% CI (0.260, 0.601). Comparing 201 
post-lensectomy eyes without glaucoma with healthy eyes, subgroup analysis shows no evidence of 202 
a significant difference (Table 2, *). 203 
Subgroup analysis comparing pseudophakic with aphakic eyes shows no significant difference in SC-204 
HD, SC-VD or SC-CSA with accommodative effort between groups. With relaxed accommodation, SC-205 
VD and SC-CSA, but not SC-HD, is significantly greater in pseudophakic than in aphakic eyes: SC-VD 206 
mean difference -0.094, 95% CI (-0.171, -0.016), SC-CSA mean difference -0.04, 95% CI (-0.078, -207 
0.003). 208 
 209 
Trabecular meshwork: Lensectomy is associated with an increase in trabecular meshwork length 210 
and area.  211 
TM length and area are greater in post-lensectomy than in healthy eyes, both with relaxed 212 
accommodation and with accommodative effort (Table 2).   There was no evidence of a difference 213 
between TM height and density between the two groups.   Subgroup analysis shows that there is a 214 
statistically significant difference in TM height with near effort between post-lensectomy eyes with 215 
glaucoma and healthy eyes (Table 2, *). 216 
 217 
Ciliary muscle:  Anterior ciliary muscle thickness still increases with accommodative effort after 218 
lensectomy. 219 
Although there was a significant difference in CM1 thickness for near and relaxed accommodation 220 
between healthy and post-lensectomy eyes (with relaxed accommodation, mean difference -221 
0.137mm, 95% CI (-0.181, -0.093), with accommodative effort, mean difference -0.142mm, 95% CI (-222 
0.186, -0.098)), there was no evidence of a statistically significant difference in the near 223 
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effort/relaxed accommodation interaction (= change with accommodative effort) for CM1 thickness 224 
between healthy eyes and post-lensectomy eyes (interaction term 0.004, 95% CI (-0.037, 0.046)). 225 
This means that there is no evidence that differences in CM1 thickness between healthy and 226 
lensectomy eyes vary for different levels of accommodation. Significant differences in CM1 thickness 227 
are still observed when separately comparing healthy eyes with lensectomy eyes with and without 228 
diagnosis of glaucoma for both near and relaxed accommodation.  229 
 230 
Discussion 231 
Key findings of this study are that the horizontal diameter of Schlemm canal is smaller after 232 
lensectomy than in healthy eyes, and that lensectomy is associated with a loss of the physiological 233 
dilatation of SC in response to accommodative effort. Contraction of the anterior part of the ciliary 234 
muscle with accommodative effort is preserved. Subgroup analysis indicates that SC horizontal 235 
diameter and CSA are smaller in lensectomy eyes with glaucoma, but not in those without glaucoma.  236 
 237 
This work has some limitations. Inherent to the study design of a cross-sectional study is selection 238 
bias; our study participants may not be a representative sample of the population of children who 239 
undergo cataract surgery. We attempted to mitigate selection bias by approaching consecutive 240 
eligible children in our clinics, but 45% of families declined to take part because of a lack of time. The 241 
ethnic background of our study population is predominantly Caucasian, but published literature does 242 
not indicate that ethnic difference may play a role in post-lensectomy glaucoma in children. Young 243 
age at lensectomy is a known risk factor for the development of glaucoma; in this study, 10% of eyes 244 
had undergone lensectomy before the age of one month, and 36% before the age of 2 months. 245 
Disruption of the anterior vitreous face and release of inflammatory chemokines into the anterior 246 
chamber has been discussed as one causative factor for post-lensectomy glaucoma; 
12
 unfortunately 247 
we were unable to obtain surgical details of the majority of the cohort described here, and are 248 
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unable to explore this effect. To avoid bias during image analysis, the observer obtaining 249 
measurements was masked to the glaucoma status of the analyzed eyes.  250 
 251 
Our findings indicate that lensectomy in childhood is associated with permanent changes of the aqueous 252 
outflow pathway. The reduction in SC dimensions may be the result of changes in the biomechanical 253 
environment and/or fibrosis. Reduction in SC size has previously been reported ex-vivo in eyes with 254 
primary open angle glaucoma. 
21
 The added effect of a reduction in the increase in SC dimensions/CSA 255 
observed during physiological accommodation may reflect fibrotic stiffening of the juxtacanalicular 256 
tissue and SC, or a disruption of the translation of forces from the contracting anterior portion of the 257 
ciliary muscle to SC wall. We did not have sufficient surgical details available to determine whether 258 
absence/presence of a primary or secondary IOL or the type of IOL have a different impact on SC size and 259 
response to accommodative CM contraction. Similarly, the size of the anterior and posterior 260 
capsulorhexis was not recorded at the time of surgery, and it was not possible to determine whether 261 
smaller capsular openings were associated with a greater reduction in SC size, which could be expected 262 
with increased fibrosis and contraction of the capsular bag when larger numbers of lens epithelial cells 263 
are left behind. 264 
Lastly, whilst subgroup analysis of eyes with and without a diagnosis of glaucoma indicated significant 265 
differences in SC cross-sectional area, it is not possible to make conclusions about causality. None of the 266 
children with glaucoma had uncontrolled intraocular pressure at the time of study participation, and 267 
many had previously undergone surgical or laser glaucoma procedures. We considered undertaking a 268 
subgroup analysis of eyes with glaucoma which had undergone interventions, as procedures such as 269 
goniotomy or trabeculotomy may result in a collapse of SC, but numbers were too small. 270 
 271 
Within the above limitations, our findings are likely to apply to other populations of children 272 
undergoing lensectomy. Our study participants were of different ethnic background, had surgery at 273 
different ages, some with and some without IOL, some with and some without anterior vitrectomy, 274 
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and three had microphthalmia and two persistent fetal vasculature (PFV). As such, they are a valid 275 
sample of the larger population of children who undergo cataract surgery at a young age. Further 276 
studies with greater sample size for each subgroup are required to confirm the reproducibility of our 277 
findings. Further research is also needed to investigate the mechanisms that lead to SC size changes 278 
and fibrosis or disruption of accommodative force transmission. Understanding of these mechanisms 279 
may lead to prevention of or new treatments for post-lensectomy glaucoma. Adult cataract surgery 280 
also carries a risk of postoperative glaucoma, and future research will address whether SC changes 281 
also occur in the mature eye. Our findings may have implications for clinical management, and future 282 
research could address whether SC offers an additional treatment target. Pilocarpine induces CM 283 
contraction, increases the cross-sectional area (CSA) of SC and increases outflow facility.
22-28
 284 
Research is needed to determine whether after lensectomy, this effect persists and reduces IOP. 285 
Prostaglandin analogues increase SC size,
29
 but in clinical practice are considered to be less 286 
efficacious in aphakic or pseudophakic children than in adults.
30
 New drugs which directly target 287 
extracellular matrix turnover and cell stiffness, such as adenosine A1 receptor agonists, nitric oxide 288 
donors, rho kinase inhibitors and actin depolymerizers are becoming available and may directly 289 
target SC (reviewed in 
31); their role in pseudophakic/aphakic glaucoma is not clear. With regards to 290 
surgical treatments, AS-OCT demonstrates an increase in SC size following canaloplasty in adults, 291 
correlating with a reduction in IOP.
32
 SC microstents are implanted in adults with open-angle 292 
glaucoma during cataract surgery;
33
 
34
 their possible utility in lensectomy in children is not known. 293 
 294 
In conclusion, this study demonstrates a significant reduction in SC size, and loss of SC dilation during 295 
physiological accommodative effort, in children who have undergone lensectomy. Targeting SC may offer 296 
a new approach in the management of post-lensectomy glaucoma. 297 
 298 
  299 
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Figure legends 311 
Figure 1. Anterior segment OCT measurements. Left: top: to confirm that accommodative effort was 312 
made, we measured ciliary muscle width at 1, 2 and 3mm posterior to the scleral spur (CM1, 2, 3). 313 
CM1 is known to increase, and CM3 to decrease with accommodation. Center: we defined the 314 
horizontal diameter of Schlemm canal (SC) as the anteroposterior extent of the black shape which 315 
represents SC on anterior segment OCT. Bottom: As SC is frequently tear-shaped, with greatest 316 
height posteriorly; we measured its vertical diameter at three locations and calculated the average.  317 
Right: top: we defined trabecular meshwork (TM) area (TMA) as the area enclosed by a line 318 
connecting scleral spur, posterior endpoint of SC and Schwalbe’s line. Center: We defined TM height 319 
(TMH) as the distance from the posterior endpoint of SC to the TM bordering the irido-corneal angle 320 
(ICA) anterior to the scleral spur, and TM length (TML) as distance from scleral spur to Schwalbe line. 321 
Bottom: ICA measurements were acquired semi-automatically using the device software: angle 322 
opening distance at 500/750 μm from the apex of the scleral spur (AOD-500, -750), trabecular iris 323 
angle at 500/750 μm (TIA-500, -750), and trabecular iris space area at 500/750 μm (TISA-500, -750). 324 
 325 
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Table legends 326 
Table 1. Demographic and clinical characteristics of participants and eyes included in the analysis.  327 
Table 2. Main results 328 
  329 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 
Schlemm canal size reduction after childhood lensectomy – Revision 1, August 4, 2018 15
References 330 
1. Waddell KM. Childhood blindness and low vision in Uganda. Eye (Lond) 1998;12 ( 331 
Pt 2):184-92. 332 
2. Sheeladevi S, Lawrenson JG, Fielder AR, Suttle CM. Global prevalence of childhood 333 
cataract: a systematic review. Eye (Lond) 2016;30(9):1160-9. 334 
3. Solebo AL, Teoh L, Rahi J. Epidemiology of blindness in children. Arch Dis Child 335 
2017. 336 
4. Solebo AL, Russell-Eggitt I, Cumberland PM, et al. Risks and outcomes associated 337 
with primary intraocular lens implantation in children under 2 years of age: the IoLunder2 338 
cohort study. Br J Ophthalmol 2015;99(11):1471-6. 339 
5. Chen TC, Bhatia LS, Halpern EF, Walton DS. Risk factors for the development of 340 
aphakic glaucoma after congenital cataract surgery. Trans Am Ophthalmol Soc 341 
2006;104:241-51. 342 
6. Chak M, Rahi JS, British Congenital Cataract Interest G. Incidence of and factors 343 
associated with glaucoma after surgery for congenital cataract: findings from the British 344 
Congenital Cataract Study. Ophthalmology 2008;115(6):1013-8 e2. 345 
7. Chak M, Wade A, Rahi JS, British Congenital Cataract Interest G. Long-term visual 346 
acuity and its predictors after surgery for congenital cataract: findings of the British 347 
congenital cataract study. Invest Ophthalmol Vis Sci 2006;47(10):4262-9. 348 
8. Rahi JS, Dezateux C. Congenital and infantile cataract in the United Kingdom: 349 
underlying or associated factors. British Congenital Cataract Interest Group. Invest 350 
Ophthalmol Vis Sci 2000;41(8):2108-14. 351 
9. Beck AD, Freedman SF, Lynn MJ, et al. Glaucoma-related adverse events in the 352 
Infant Aphakia Treatment Study: 1-year results. Arch Ophthalmol 2012;130(3):300-5. 353 
10. Plager DA, Lynn MJ, Buckley EG, et al. Complications in the first 5 years following 354 
cataract surgery in infants with and without intraocular lens implantation in the Infant 355 
Aphakia Treatment Study. Am J Ophthalmol 2014;158(5):892-8. 356 
11. Walton DS. Pediatric aphakic glaucoma: a study of 65 patients. Trans Am 357 
Ophthalmol Soc 1995;93:403-13; discussion 13-20. 358 
12. Asrani S, Freedman S, Hasselblad V, et al. Does primary intraocular lens implantation 359 
prevent "aphakic" glaucoma in children? J AAPOS 2000;4(1):33-9. 360 
13. Michael I, Shmoish M, Walton DS, Levenberg S. Interactions between trabecular 361 
meshwork cells and lens epithelial cells: a possible mechanism in infantile aphakic glaucoma. 362 
Invest Ophthalmol Vis Sci 2008;49(9):3981-7. 363 
14. Infant Aphakia Treatment Study G, Lambert SR, Buckley EG, et al. The infant 364 
aphakia treatment study: design and clinical measures at enrollment. Arch Ophthalmol 365 
2010;128(1):21-7. 366 
15. Solebo AL, Russell-Eggitt I, Rahi JS, et al. Accuracy of routine data on paediatric 367 
cataract in the UK compared to active surveillance: lessons from the IOLu2 study. Br J 368 
Ophthalmol 2013;97(6):757-9. 369 
16. Mataftsi A, Haidich AB, Kokkali S, et al. Postoperative glaucoma following infantile 370 
cataract surgery: an individual patient data meta-analysis. JAMA Ophthalmol 371 
2014;132(9):1059-67. 372 
17. Freedman SF, Lynn MJ, Beck AD, et al. Glaucoma-Related Adverse Events in the 373 
First 5 Years After Unilateral Cataract Removal in the Infant Aphakia Treatment Study. 374 
JAMA Ophthalmol 2015;133(8):907-14. 375 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 
Schlemm canal size reduction after childhood lensectomy – Revision 1, August 4, 2018 16
18. Daniel MC, Dubis AM, Quartilho A, et al. Dynamic Changes in Schlemm Canal and 376 
Iridocorneal Angle Morphology During Accommodation in Children With Healthy Eyes: A 377 
Cross-Sectional Cohort Study. Invest Ophthalmol Vis Sci 2018;59(8):3497-502. 378 
19. Leung CK, Weinreb RN. Anterior chamber angle imaging with optical coherence 379 
tomography. Eye (Lond) 2011;25(3):261-7. 380 
20. Leung CK, Li H, Weinreb RN, et al. Anterior chamber angle measurement with 381 
anterior segment optical coherence tomography: a comparison between slit lamp OCT and 382 
Visante OCT. Invest Ophthalmol Vis Sci 2008;49(8):3469-74. 383 
21. Hann CR, Vercnocke AJ, Bentley MD, et al. Anatomic changes in Schlemm's canal 384 
and collector channels in normal and primary open-angle glaucoma eyes using low and high 385 
perfusion pressures. Invest Ophthalmol Vis Sci 2014;55(9):5834-41. 386 
22. Barany EH. The mode of action of miotics on outflow resistance. A study of 387 
pilocarpine in the vervet monkey Cercopithecus ethiops. Trans Ophthalmol Soc U K 388 
1966;86:539-78. 389 
23. Li G, Farsiu S, Chiu SJ, et al. Pilocarpine-induced dilation of Schlemm's canal and 390 
prevention of lumen collapse at elevated intraocular pressures in living mice visualized by 391 
OCT. Invest Ophthalmol Vis Sci 2014;55(6):3737-46. 392 
24. Tektas OY, Lutjen-Drecoll E. Structural changes of the trabecular meshwork in 393 
different kinds of glaucoma. Exp Eye Res 2009;88(4):769-75. 394 
25. Lutjen-Drecoll E. Structural factors influencing outflow facility and its changeability 395 
under drugs. A study in Macaca arctoides. Invest Ophthalmol 1973;12(4):280-94. 396 
26. Lutjen-Drecoll E. Functional morphology of the trabecular meshwork in primate eyes. 397 
Prog Retin Eye Res 1999;18(1):91-119. 398 
27. Roy Chowdhury U, Hann CR, Stamer WD, Fautsch MP. Aqueous humor outflow: 399 
dynamics and disease. Invest Ophthalmol Vis Sci 2015;56(5):2993-3003. 400 
28. Overby DR, Bertrand J, Schicht M, et al. The structure of the trabecular meshwork, its 401 
connections to the ciliary muscle, and the effect of pilocarpine on outflow facility in mice. 402 
Invest Ophthalmol Vis Sci 2014;55(6):3727-36. 403 
29. Chen J, Huang H, Zhang S, et al. Expansion of Schlemm's canal by travoprost in 404 
healthy subjects determined by Fourier-domain optical coherence tomography. Invest 405 
Ophthalmol Vis Sci 2013;54(2):1127-34. 406 
30. Gasper C, Trivedi RH, Wilson ME. Complications of Pediatric Cataract Surgery. Dev 407 
Ophthalmol 2016;57:69-84. 408 
31. Andres-Guerrero V, Garcia-Feijoo J, Konstas AG. Targeting Schlemm's Canal in the 409 
Medical Therapy of Glaucoma: Current and Future Considerations. Adv Ther 410 
2017;34(5):1049-69. 411 
32. Fuest M, Kuerten D, Koch E, et al. Evaluation of early anatomical changes following 412 
canaloplasty with anterior segment spectral-domain optical coherence tomography and 413 
ultrasound biomicroscopy. Acta Ophthalmol 2016;94(5):e287-92. 414 
33. Arriola-Villalobos P, Martinez-de-la-Casa JM, Diaz-Valle D, et al. Glaukos iStent 415 
inject(R) Trabecular Micro-Bypass Implantation Associated with Cataract Surgery in Patients 416 
with Coexisting Cataract and Open-Angle Glaucoma or Ocular Hypertension: A Long-Term 417 
Study. J Ophthalmol 2016;2016:1056573. 418 
34. Ferguson TJ, Berdahl JP, Schweitzer JA, Sudhagoni R. Evaluation of a Trabecular 419 
Micro-Bypass Stent in Pseudophakic Patients With Open-Angle Glaucoma. J Glaucoma 420 
2016;25(11):896-900. 421 
 422 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 
Schlemm canal size reduction after childhood lensectomy – Revision 1, August 4, 2018 17
  423 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 
  
Healthy volunteers 
N = 50 children 
Post-lensectomy 
N=48 children 
Age at study participation in years, mean (SD) 10.9 (3.0) 11.4 (3.6) 
Age at lensectomy in months, median (IQR)   
Right Eye (n = 34) n/a 5.45 (1.5, 36.7) 
Left Eye (n = 27) n/a 3.37 (1.2, 33) 
 
      No lensectomy 
(Healthy volunteer 
eyes: n=100) 
Healthy fellow 
eyes (n=24) 
Eyes post-
lensectomy (n=72) 
Primary intraocular lens implantation   N=31 (43%) 
Refractive data available 
 
N = 41/41* N = 8/10* N = 29/27* 
Spherical equivalent in diopter, median (IQR)*    
 
  Right Eye 
0.25 (-0.13, 0.88) 0.875 (-1.06, 1.88) 2.75 (-1.13, 10.25) 
 Left Eye 0 (-0.13, 0.75) 1.25 (-0.5, 1.75) 3.75 (-0.5, 13.5) 
Eyes with co-existing developmental eye 
defects, n (%) 
  
Microphthalmia  3 (6) 
Persistent fetal vasculature  2 (4) 
Ethnic group, n (%)   
White 8 (16) 22 (46) 
Asian/Asian British 8 (16) 7 (15) 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
Black/black British 4 (8) 9 (19) 
Mixed 11 (22) 3 (6) 
Other 3 (6) 3 (6) 
Unknown 16 (32) 4 (8) 
*Number of right/left eyes with available data 
Table 1. Demographic and clinical parameters of study participants and study eyes (median and 
interquartile range IQR). 
 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 1 
  Healthy eyes Post-lensectomy eyes Difference 
  
Eyes/
N Mean 95% CI  
Eyes/
N Mean 95% CI 
Eyes/
N Mean 95% CI 
P-
value 
Schlemm canal 
      
  
 
 
vertical diameter (mm) near effort  
62/46 0.025 (0.022, 0.028) 34/26 0.020 (0.018, 0.023) 96/62 -0.004 
(-0.009, 
0.0002) 
0.06 
vertical diameter (mm) relaxed 
accommodation 
63/47 0.018 (0.015, 0.020) 32/24 0.020 (0.017, 0.022) 95/62 0.002 (-0.002, 0.005) 0.293 
horizontal diameter (mm) near 
effort 
62/46 0.253 (0.228, 0.279) 34/26 0.183 (0.155, 0.211) 96/62 -0.074 
(-0.113, -
0.035) 
<0.001 
horizontal diameter relaxed 
accommodation* 
62/46 0.201 (0.173, 0.229) 32/24 0.154 (0.126, 0.181) 94/61 -0.044 
(-0.085, -
0.003) 
0.034 
cross-sectional area (mm2) near 
effort  
64/46 0.009 (0.007, 0.010) 35/27 0.004 (0.003, 0.005) 97/63 0.435 (0.318, 0.595) <0.001 
cross-sectional area (mm2) near 
effort (log-transformed) 
64/46 -4.764 
(-4.952, -
4.577) 
35/27 -5.603 
(-5.887, -
5.320) 
97/63 -0.832 
(-1.145, -
0.520) 
<0.001 
cross-sectional area (mm2) relaxed 
accommodation** 
61/45 0.005 (0.004, 0.007) 33/25 0.004 (0.003, 0.005) 94/61 0.728 (0.492, 1.076) 0.111 
cross-sectional area (mm2) relaxed 
accommodation** (log-
transformed) 
61/45 -5.266 
(-5.518, -
5.015) 
33/25 -5.606 
(-5.878, -
5.336) 
94/61 -0.318 (-0.709, 0.073) 0.111 
Trabecular meshwork           
area (mm2) near effort* 
72/48 0.083 (0.077, 0.090) 34/27 0.098 (0.087, 0.110) 
106/6
4 
0.010 (0.001, 0.019) 0.025 
area (mm2) relaxed* 62/46 0.081 (0.074, 0.087) 32/24 0.100 (0.089, 0.110) 94/59 0.018 (0.006, 0.029) 0.002 
height (mm) near effort** 
77/48 0.272 (0.262, 0.283) 36/29 0.272 (0.245, 0.298) 
113/6
5 
-0.005 (-0.028, 0.017) 0.646 
height (mm) relaxed 
77/49 0.279 (0.268, 0.290) 36/26 0.281 (0.255, 0.306) 
113/6
4 
0.003 (-0.018, 0.024) 0.778 
length (mm) near effort 
75/50 0.481 (0.458, 0.504) 35/29 0.559 (0.527, 0.591) 
110/6
5 
0.068 (0.033, 0.103) <0.001 
length (mm) relaxed 
68/47 0.442 (0.418, 0.466) 35/28 0.569 (0.544, 0.595) 
103/6
3 
0.115 (0.080, 0.150) <0.001 
density (units) near effort 
77/49 
117.8
4 
(113.30, 
122.39) 
34/27 
120.0
9 
(113.17, 
127.01) 
111/6
3 
0.226 (-7.012, 7.463) 0.951 
density (units) relaxed 
77/49 
116.0
1 
(109.93, 
122.10) 
32/25 
117.9
9 
(110.41, 
125.56) 
109/6
2 
0.724 (-8.329, 9.777) 0.875 
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Angle opening distance           
500um anterior to scleral spur (mm) 
near effort 
39/38 0.748 (0.664, 0.832) 16/16 0.655 (0.570, 0.740) 55/54 -0.093 (-0.234, 0.048) 0.195 
500um anterior to scleral spur (mm) 
relaxed 
29/28 0.644 (0.575, 0.712) 12/12 0.616 (0.526, 0.706) 41/40 -0.028 (-0.148, 0.092) 0.647 
750um anterior to scleral spur (mm) 
near effort*** 
40/39 1.001 (0.911, 1.091) 16/16 0.852 (0.758, 0.946) 56/55 -0.149 (-0.302, 0.004) 0.057 
750um anterior to scleral spur (mm) 
relaxed 
33/31 0.891 (0.805, 0.978) 12/12 0.872 (0.765, 0.980) 45/43 -0.019 (-0.174, 0.136) 0.811 
Trabecular iris angle           
500um anterior to scleral spur (°) 
near effort 
40/39 49.63 (45.98, 53.27) 16/16 46.62 (42.82, 50.42) 56/55 -3.015 (-9.215, 3.185) 0.341 
500um anterior to scleral spur (°) 
relaxed 
24/23 47.97 (43.30, 52.63) 12/12 43.43 (39.47, 47.39) 36/35 -4.549 (-11.62, 2.521) 0.207 
750um anterior to scleral spur (°) 
near effort**** 
41/40 50.22 (47.29, 53.15) 16/16 45.79 (42.76, 48.82) 57/56 -4.438 (-9.474, 0.599) 0.084 
750um anterior to scleral spur (°) 
relaxed 
26/25 48.17 (44.48, 51.87) 12/12 43.28 (39.63, 46.93) 38/37 -4.895 (-10.80, 1.008) 0.104 
Trabecular iris space area           
500um anterior to scleral spur 
(mm2) near effort 
40/39 0.251 (0.220, 0.281) 16/16 0.239 (0.196, 0.283) 56/55 -0.012 (-0.067, 0.044) 0.681 
500um anterior to scleral spur 
(mm2) relaxed 
32/30 0.245 (0.212, 0.277) 12/12 0.236 (0.201, 0.270) 44/42 -0.009 (-0.065, 0.047) 0.752 
750um anterior to scleral spur 
(mm2) near effort 
40/39 0.482 (0.431, 0.534) 16/16 0.434 (0.370, 0.498) 56/55 -0.048 (-0.139, 0.042) 0.295 
750um anterior to scleral spur 
(mm2) relaxed 
27/26 0.446 (0.393, 0.498) 12/12 0.427 (0.370, 0.484) 39/38 -0.019 (-0.105, 0.068) 0.674 
*Subgroup analysis shows no statistically significant difference between healthy and post-lensectomy eyes without glaucoma 2 
**Subgroup analysis shows a statistically significant difference between healthy and post-lensectomy eyes with glaucoma 3 
***Subgroup analysis shows no statistically significant difference between healthy and post-lensectomy eyes with glaucoma 4 
****Subgroup analysis shows a statistically significant difference between healthy and post-lensectomy eyes without glaucoma 5 
 6 
 7 
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Cataract surgery in childhood is associated with a reduction in the size of Schlemm canal, and 
particularly in a lack of SC dilation during accommodative effort, which may contribute to the 
development of post-lensectomy glaucoma. 
